ELECTRICAL CAPACITANCE SAPPHIRE DIAPHRAGM PRESSURE 
SENSOR AND A METHOD OF FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention is directed to a pressure 
5 sensor and a method of fabricating the same, and in 

particular to an electrical capacitance sapphire diaphragm 
pressure sensor for sensing a fluid pressure in, for 
example, a container for chemicals, a pipe for chemicals or 
the like, and a method of fabricating the same. 

10 Conventional pressure sensors for sensing a fluid 

pressure in a container for chemicals, a pipe for chemicals 
or the like, are provided with a diaphragm which acts as a 
pressure- sensing element, whereby deflection of the 
diaphragm in response to an applied pressure is converted 

15 into an electric signal, to thereby sense a pressure. 

Japanese Patent Application No. 2002-130442 discloses 
an example of such a diaphragm pressure sensor in the 
invention titled "Electrical capacitance diaphragm pressure 
sensor" . 

20 Such a diaphragm pressure sensor normally comprises: 

a pressure- sensing element provided with a pressure 
receiving part including strip- shaped or rectangular flat 
plate- shaped diaphragms provided in opposing relation and 
deposition electrodes formed on opposing surfaces of the 

25 diaphragms; a housing element for enclosing the pressure 

receiving part of the pressure-sensing element, the housing 
element being made of a material which is resistant to 
corrosion by a fluid whose pressure is to be detected by 
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the sensor; and an electronic circuit for detecting 
deflection of the diaphragms. 

Such a diaphragm pressure sensor as described above 
is constituted such that when immersing a housing element 
5 in a fluid whose pressure is to be measured, the fluid 
pressure acts on a pressure receiving part, and the 
resulting variations in a distance between the opposing 
diaphragms cause a change in capacitance. 

In a conventional diaphragm pressure sensor such as 

10 that described above, a pressure transfer coefficient 

varies according to a temperature of a fluid whose pressure 
is to be measured, and instability such as temperature 
drift and the like is thereby caused, and as a result, 
measurement accuracy is significantly compromised. It is 

15 known that a leading cause of temperature drift in a 
diaphragm pressure sensor is a thermal 

expansion/contraction coefficient of a diaphragm material. 

With a view to preventing temperature drift from 
disadvantageously affecting measurement by a diaphragm 

20 pressure sensor, a conventional diaphragm pressure sensor, 
especially a metal diaphragm pressure sensor, employs a 
temperature compensation circuit in a pressure sensing 
circuit for sensing a pressure deflection of a diaphragm or 
disposes a temperature sensor in a diaphragm to measure a 

25 temperature of the diaphragm and provide a compensation 
electric signal commensurate with the thus measured 
temperature to a pressure sensing circuit to thereby 
compensate for temperature drift, that is, a thermal 
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expansion/contraction coefficient of a diaphragm material 
in accordance with a temperature. 

As a pressure-sensing element, a sapphire diaphragm 
pressure sensor in which a diaphragm is made of a sapphire 
5 plate is also known. Since sapphire has a considerably 

smaller thermal expansion coefficient compared to metallic 
materials, it can compensate for temperature drift 
effectively. 

However, it is extremely difficult to tightly secure 

10 a sapphire diaphragm on a metal base for holding the 

diaphragm during the process of manufacturing of a sapphire 
diaphragm pressure sensor, and practical implementation of 
a sapphire diaphragm pressure sensor is therefore difficult. 
There are a few known ways to secure a sapphire 

15 diaphragm on a metal base, such as the following: 

According to a first method of securing a sapphire 
diaphragm on a metal base, a sapphire diaphragm is fixed on 
a metal base using an adhesive. According to this method, 
however, application of an insufficient amount of adhesive, 

20 deterioration of applied adhesive, weak binding between 
molecules or the like may result in a diaphragm becoming 
detached from the metal base. Additionally, the adhesive 
employed may restrict types of medium whose pressure the 
sensor can measure. 

25 According to a second method, a thin layer of metal 

is employed to cover a diaphragm and a metal base including 
its fixtures. However, since a thin layer of metal also 
covers a surface of a diaphragm on which a pressure acts. 
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thermal expansion of the thin metal layer covering the 
diaphragm causes temperature drift. 

According to a third method, a sapphire diaphragm is 
contained in a housing element and sealed in a fluid such 
5 as silicone or the like. However, thermal expansion of the 
housing element as well as the fluid causes temperature 
drift . 

According to a fourth method, which is applicable to 
a circular diaphragm, an O-ring may be employed to secure 

10 the diaphragm on the base. According to this method, 
however, a diaphragm cannot be secured in an entirely 
stable manner, and a leakage of a medium whose pressure is 
to be measured is thereby caused. Further, since a medium 
whose pressure is to be measured tightens the O-ring when 

15 the pressure detection begins, detection accuracy drops due 
to initial deflection of the diaphragm. Still further, 
media whose pressure can be measured by a sensor are 
restricted according to the material of which an O-ring is 
made, and a medium whose pressure is to be measured might 

20 leak if a back-up ring is not properly installed. 
SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
highly accurate electrical capacitance sapphire diaphragm 
pressure sensor capable of detecting a pressure without 

25 being affected by temperature drift that occurs when a 

pressure transfer coefficient changes with variations of a 
temperature of a fluid whose pressure is to be measured, 
and a method of manufacturing the same. 
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According to the present invention, an electrical 
capacitance sapphire diaphragm pressure sensor comprises: 

a pressure-sensing element having a pressure- 
receiving part with a deposition electrode being formed on 
5 each of the opposing surfaces of sapphire diaphragms which 
are disposed in opposing relation to each other and a 
securing part formed by depositing a metal on a portion of 
the surface of each of the sapphire diaphragms; 

a metal base on which the pressure-sensing element is 
10 secured at its securing part; 

a conductive sealing agent for sealing a contact area 
between the securing part on which a metal is deposited and 
the metal base; and 

a nickel protective layer for protecting at least 
15 said conductive sealing agent from a medium whose pressure 
is to be measured, 

whereby a pressure of the medium is transferred to 
the pressure-receiving part and the resulting variations in 
a distance between the deposition electrodes formed on the 
20 opposing surfaces of the sapphire diaphragms cause a change 
in capacitance. 

According to the present Invention, a method of 
fabricating an electrical capacitance sapphire diaphragm 
pressure sensor comprises the steps of: 
25 providing sapphire diaphragms in opposing relation 

and forming deposition electrodes on the opposing faces of 
the diaphragms to thereby form a pressure-receiving part of 
a pressure-sensing element; 
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preparing a metal base for securing the pressure- 
sensing element; 

depositing a metal on a securing part of the 
pressure-sensing element, at which part the pressure- 
5 sensing element Is secured on the metal base; 

fixing, at least partially, the pressure-sensing 
element to the metal base by means of a thermosetting epoxy 
resin; 

sealing, by means of a conductive sealing agent, a 
10 contact area between the securing part on which a metal Is 
deposited and the metal base on the pressure-receiving part 
side of the pressure -sensing element; 

covering with a silicon resin the pressure- sensing 
element and metal base excluding, at least, a portion 
15 sealed with the conductive sealing agent; 

forming a nickel protective layer on the sealed 
portion not covered with the silicon resin by means of 
electro-casting using a nickel; and 

stripping off the silicon resin while retaining the 
20 nickel protective layer formed by means of electro-casting. 
According to the present invention, a sapphire 
diaphragm, which is formed as a pressure-sensing element, 
can be readily and yet firmly secured on a metal base. 
Therefore, the present Invention can provide a highly 
25 accurate electrical capacitance diaphragm pressure sensor 
capable of reducing temperature drift, taking advantage of 
the characteristics of a sapphire diaphragm. 

Further, a pressure sensor of the present invention 
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has an extremely simple configuration for firmly securing a 
sapphire diaphragm on a metal base and therefore. It Is 
easy to manufacture an electrical capacitance diaphragm 
pressure sensor in accordance with the present Invention. 
5 Still further, the present invention can provide a 

diaphragm pressure sensor having a simple configuration 
using a sapphire diaphragm capable of reducing temperature 
drift and therefore, a pressure sensor of the present 
Invention does not need a temperature compensation circuit 
10 in its pressure sensing circuit, and the cost of 

manufacturing the present diaphragm pressure sensor is 
therefore substantially reduced. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA - IF illustrate a strip-shaped pressure- 
15 sensing element constituting a main portion of a sapphire 
diaphragm pressure sensor of the present invention and a 
metal base for securing the element, and also describe a 
basic process for manufacturing the sensor; 

Fig. 2 schematically shows a practical mode of the 
20 sapphire diaphragm pressure sensor indicated in Fig. 1; 

Figs. 3A 3E illustrate a rectangular flat plate 
pressure- sensing element constituting a main portion of a 
sapphire diaphragm pressure sensor of the present invention 
and a metal base for securing the element, and also 
25 describe a basic process of manufacturing the sensor; and 
Fig. 4 schematically shows a practical mode of the 
sapphire diaphragm pressure sensor indicated in Fig. 3. 
DETAILED DESCRIPTION OF THE INVENTION 
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Fig. 1 is an illustration of the strip- shaped 
pressure-sensing element (sapphire plate) 10 constituting a 
main portion of a capacitance sapphire diaphragm pressure 
sensor. Fig. 1 also illustrates a basic manufacturing 
5 process of the pressure sensor. 

Although Fig. lA portrays the pressure-sensing 
element 10 simply as a strip- shaped member and, for the 
sake of simplicity, does not show its details, the element 
actually consists of two strip- shaped sapphire diaphragms 

10 arranged in opposing relation with a spacer between them, 
and deposition electrodes formed on opposing surfaces of 
the diaphragms, and the two strip- shaped sapphire 
diaphragms are assembled in an integral fashion to 
constitute a single unit. The opposing deposition 

15 electrodes are respectively connected through a lead wire 
to an electrode output terminal formed at the end of the 
pressure-sensing element 10 to output a detected signal. 

The surface of the integrally structured sapphire 
diaphragm, with the exception of the securing part lOA, at 

20 which the diaphragm is secured on the metal base 11, is 

masked, and a metal having strong ionization tendency such 
as tin, copper, silver, gold or the like is deposited on 
the securing part 1 OA as a primary coating for plating 
processing. 

25 Fig. IB is a plan view of the metal base 11 for 

securing the diaphragm, whereas Fig. IC is a central 

section view of the same. As indicated in the drawings, 

the metal base 11 has in the center rectangular slit llA, 
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through which the strip-shaped pressure- sensing element 10 
Is Inserted, and the adhering area IIB Is formed In an 
approximately rectangular groove that surrounds the silt 
llA, to secure the pressure-sensing element 10. Further, 
5 the ring-shaped projection IIC for securing a metal outer 
cylinder (Fig. 2, 20) which houses the pressure-receiving 
part lOB of the pressure- sensing element 10 Is provided on 
the underside of the metal base 11. 

Fig. ID Is an assembly drawing of the strip- shaped 

10 pressure -sensing element 10 and the metal base 11 whereas 
Fig. IE Is a side section view of the same. The pressure- 
sensing element 10 Is Inserted Into the silt llA of the 
metal base 11 to the extent that the securing part lOA of 
the element 10 aligns with the silt llA, and the 

15 thermosetting epoxy resin 12 Is injected into adhering the 
area IIB and is cured, whereby the pressure- sensing element 
10 is secured to the metal base 11 to define the pressure- 
receiving part lOB of the pressure-sensing element 10. 
Further, the contact area between the securing part lOA of 

20 the pressure-sensing element 10, on which a metal is 

deposited, and the metal base 11 is completely sealed by 
the conductive sealing agent 13 such as silver paint or 
adhesive containing silver particles and the like on the 
pressure -receiving part lOB side of the pressure-sensing 

25 element 10. 

In the assembly of the pressure-sensing element 10 
and the metal base 11, a nickel coating to form the disc- 
shaped protective layer 14 (which will be described later) 
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is directly applied by means of electro-casting to the 
contact area between the securing part lOA and the metal 
base 11 and to the area where the metal base 11 comes into 
contact with a medium whose pressure is to be measured. 
5 More specifically, the assembly is first subjected to 

pretreatment , by which the assembly, with the exception of 
the electrode output terminal (not indicated in the 
drawing) formed at the end of pressure- sensing element 10 
to output a detected signal, and with the further exception 

10 of an area to which the protective layer 14 is applied, is 
completely covered with a silicone resin so that a plating 
liquid will not permeate through the assembly* The thus 
pretreated assembly is immersed in a plating bath filled 
with nickel liquid electrolyte, and nickel electro-casting 

15 is conducted, whereby the nickel protective layer 14 is 
formed. 

The nickel protective layer 14 can be formed to have 
a proper thickness by controlling a plating current and the 
length of time for which the assembly of the pressure - 

20 sensing element 10 and the metal base 11 are immersed in 
the plating liquid. Additionally, by further immersing a 
formed nickel protective film in concentrated nitric acid, 
a passive state film is formed on the surface of the nickel 
and as a result, a protective layer resistant to corrosion 

25 by a strong acid liquid is obtained. Still further, by 

performing electrolytic polishing on the nickel protective 

film, the surface of the nickel protective film is smoothed 

and thus, the film becomes well suited for semiconductor 
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manufacturing equipment, which requires a high level of 
cleanliness . 

Subsequently, the silicon resin formed by the 
pretreatment Is peeled off, whereby a sapphire diaphragm 
5 pressure sensor In which the pressure-sensing element 10 Is 
firmly secured on the metal base 11 Is obtained. 

In the assembly of the pressure- sensing element 10 
and the metal base 11 which Is provided with the nickel 
protective layer 14 Indicated In Fig. IF, the nickel 

10 protective layer and the metal outer cylinder 20 made of 

material such as stainless steel or the like are joined at 
the ring-shaped projection IIC of the metal base 11 by 
means of welding such as electronic beam welding or the 
like, whereby a sapphire diaphragm pressure sensor Is 

15 fabricated. 

The strip- shaped sapphire diaphragm pressure sensor 
Indicated In Fig. 2 may be Installed In, for example, a 
pipe for chemicals (not Indicated In the drawing). In which 
case the metal outer cylinder 20 together with the 

20 pressure-receiving part lOB of the pressure-receiving 

element 10 Is Immersed directly In a chemical solution and 
a pressure of the chemical solution In the metal outer 
cylinder 20 Is measured. In other words, a measured 
pressure of a chemical solution Is transferred to the 

25 pressure-receiving part lOB of the pressure- sensing element 

10 and a change In capacitance caused by variations In a 

distance between the diaphragms provided In opposing 

relation Is output as a detected signal from the pressure- 
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sensing circuit 21. 

Fig. 3 illustrates a second embodiment of the present 
invention, that is, the rectangular flat plate pressure- 
sensing element (sapphire plate) 30, which constitutes a 
5 main part of a capacitance sapphire diaphragm pressure 
sensor and a manufacturing process thereof. 

Although Fig. 3A describes the pressure- sensing 
element 30 simply as a rectangular flat plate element and, 
for the sake of simplicity, does not show its details, it 

10 actually consists of two rectangular flat plate sapphire 
diaphragms arranged in opposing relation with a spacer 
between them, the diaphragms having electrodes formed on 
their opposing surfaces. The two rectangular flat plate 
sapphire diaphragms are assembled in an integral fashion to 

15 constitute a single unit. The opposing deposition 

electrodes are respectively connected through a lead wire 
to an electrode output terminal formed at the end of the 
pressure -sensing element 30 to output a detected signal. 
The surface of the integrally structured sapphire 

20 diaphragm, with the exception of the securing part 30A at 
which the diaphragm is secured on the metal base 31, is 
masked, and a metal having strong ionization tendency such 
as tin, copper, silver, gold or the like is deposited on 
the securing part 30A as a primary coating for plating 

25 processing. 

Fig. 3B is a plan view of the ring-shaped metal base 

31 for securing a diaphragm whereas Fig. 3C is a central 

section view thereof. As indicated in the drawing, the 
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first ring portion 31A and the second ring portion 3 IB are 
formed on the metal base 31 in such a manner that the 
internal diameter of the second ring portion 31B is greater 
than that of the first ring portion 31A and the pressure- 
5 sensing element 30 covers the first ring portion 31A and is 
affixed between the first ring portion 31A and the second 
ring portion 3 IB. 

Fig. 3D is a construction section view of the 
rectangular flat plate pressure- sensing element 30 and the 

10 ring-shaped metal base 31. As indicated in the drawing, 

the pressure- sensing element 30 is fitted between the first 
ring portion 31A and the second ring portion 3 IB of the 
metal base 31 and the thermosetting epoxy resin 32 is 
injected in a contact area between the side of the 

15 pressure- sensing element 30 and the wall of the second ring 
portion 3 IB and the injected resin 32 is cured, whereby the 
pressure- sensing element 30 is secured on the metal base 31 
to thereby define the pressure -receiving portion 30B of the 
pressure-sensing element 30. Further, on the pressure- 

20 receiving portion 30B side of the pressure- sensing element 
30, the area between the securing portion 30A with a 
deposited metal on the pressure- sensing element 30 and the 
second ring portion 31B of the metal base 31 is tightly 
sealed by the conductive sealing agent 33 such as silver 

25 paint or adhesive containing silver particles or the like. 

In the assembly of the pressure- sensing element 30 
and the metal base 31 having the above -described 
construction, a nickel coating in the form of the ring- 



shaped protective layer 34 (which will be described later) 
Is directly applied to the securing portion 30A, the 
conductive sealing agent 33 and the end face 31C of the 
metal base 31 by means of electro -casting. More 
5 specifically, pretreatment is performed on the assembly by 
completely covering the assembly with a silicon resin, with 
the exception of an area to which the protective layer 34 
is applied, so that a plating liquid will not permeate 
through the assembly. The thus pretreated assembly is 

10 immersed in a plating bath filled with nickel liquid 

electrolyte and nickel electro-casting is conducted to 
thereby form the nickel protective layer 34. 

The nickel protective layer 34 can be formed to have 
a proper thickness by controlling a plating current and the 

15 length of time for which the assembly of the pressure- 
sensing element 30 and the metal base 31 are immersed in 
the plating liquid. Additionally, by further immersing a 
formed nickel protective film in concentrated nitric acid, 
a passive state film is formed on the surface of the nickel 

20 and as a result, a protective layer resistant to corrosion 
by a strong acid liquid can be obtained. 

Subsequently, the silicon resin formed by the 
pretreatment is peeled off, whereby a sapphire diaphragm 
pressure sensor in which the pressure-sensing element 30 

25 and the metal base 31 are firmly bonded to each other is 
obtained. 

In the assembly of the pressure- sensing element 30 

and the metal base 31 which is provided with the protective 
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layer 34 Indicated In Fig. 3E, the nickel protective layer 
and the metal outer cylinder 40 are Joined at the ring- 
shaped end face 31C of the metal base 31 by means of 
welding such as electronic beam welding or the like, 
whereby a sapphire diaphragm pressure sensor Is fabricated. 

The rectangular flat plate sapphire diaphragm 
pressure sensor Indicated in Fig. 4 may be Installed In, 
for example, a pipe for chemicals (not Indicated In the 
drawing) , In which case the metal outer cylinder 40 
together with the pressure-receiving part 30B of the 
pressure-receiving element 30 is Immersed directly in a 
chemical solution and a pressure of the chemical solution 
In the metal outer cylinder 40 Is measured. In other words, 
a measured pressure of a chemical solution is transferred 
to the pressure-receiving part 30B of the pressure- sensing 
element 30 and a change in capacitance caused by variations 
In a distance between the diaphragms provided in opposing 
relation is output as a detected signal from the pressure- 
sensing circuit 41. 
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